Introduction

34
Kelvin-Helmholtz (K-H) instability can be activated at the interface between different plasma 35 regimes with different velocities, and the perturbations propagate along the direction of the 36 velocity shear as a form of surface wave developing into nonlinear vortices. As shown by 37
Hasegawa (1975), the high density and the magnetic field perpendicular to the velocity shear on 38 either side of the interface facilitate the unstable condition. The fastest K-H instability occurs 39 when the wave vector k is parallel/antiparallel to the velocity shear and perpendicular to the 40 magnetic field (Southwood, 1979; Manuel & Samson, 1993) . This condition favors the 41 low-latitude magnetopause where the velocity shear and the northward magnetospheric magnetic 42 field are available. The magnetic tension stabilizes the shear layer if the magnetic field and the 43 velocity shear are aligned, indicating that the radial IMF does not favor the K-H instability.
44
However, reported observation indicates that K-H waves occur at the high-latitude magnetopause 45 under the dawnward IMF and continues to exist when the IMF turns radial (Hwang et al., 2012) .
46
On the other hand, under the radial IMF, K-H instability is found in both simulations (Tang et 1994; Kawano et al., 1994) . However, under the southward IMF, Cluster has observed nonlinear 58 K-H waves with irregular and turbulent characteristics (Hwang et al., 2011) and THEMIS has 59 observed regular K-H vortices with an induced electric field at the edges (Yan et al., 2014) .
60
Recently, a statistical survey indicates that K-H waves are much more ubiquitous than previously 61 thought (Kavosi & Raeder, 2015) , which implies the importance of the solar wind plasma 62 transport into the magnetosphere via the K-H vortices. 63
In addition to magnetic reconnections at low latitude (Dungey, 1961) an energy flux of over 10 6 eV/(cm 2 -s-sr-eV), and the cold electrons in panel 6 were observed 157 between 10-500 eV, with an energy flux of over 10 7 eV/(cm 2 -s-sr-eV). Embedded in the plasmas 158 of the two different origins, the coexisting hot and cold ions overlapped. The alternating shifts of 159 the hot and cold ions appeared more periodic at the upstream location of TH-A (panel 5 in figure  160 2), but more dispersed at the downstream TH-E. Taking the mass ratio of protons to electrons into 161 km at the magnetopause, the coexistence of the hot and cold ions in the spectrum is not sufficient 166 to diagnose the mixture of the two components. Thus, we used the observed hot electrons as an 167 additional indicator of the magnetosphere region because of their relatively smaller gyro-radius. 168
Hence, the criteria to identify the mixture/transport are described such that the cold ions of 0.1-3 169 keV can be observed with an energy flux over 10 5 eV /(cm 2 -s-sr-eV) in the hot ions background, 170 with an energy flux over 10 6 eV /(cm 2 -s-sr-eV), as well as a substantial enhancement in the energy 171 flux of the hot electrons of 0.5-5 keV. Based on such criteria, the ion mixture/transport intervals 172 were diagnosed from both TH-A and TH-E, marked by the green bars at the bottom of panel 6 and 173
the black bars at the bottom of panel 10 in figure 2. The transport regions in the TH-A 174 observations were distributed at the edges of the vortices and appeared to be more periodic, while 175 the TH-E observations were more dispersive. This feature was also found in the alternating 176 encounters of the magnetosheath and magnetosphere ions in the spectra (panels 5 & 9 in figure 2 ).
177
This outcome means that substantial solar wind transport into the magnetosphere occurred during 178 the tailward propagation from TH-A to TH-E. As mentioned above, the first K-H wave, as well as 179 the mixture regions arrived at the upstream TH-A as soon as the IMF abruptly turned northward.
180
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